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NOMENCLATURE 
F is fraction of free volume in packed column, cu.ft./(cu.ft. 
column volume) 
g i s accelerat ion of g rav i ty , f t . / s e c . 
G i s superf ic ia l mass veloci ty of gas (based on empty column), 
l b . / ( s e c . ) ( s q . f t . cross-sect ional area) 
L i s superf ic ia l mass veloci ty of l iquid (based on empty column), 
( l b . / ( s e c . ) ( s q . f t . cross-sect ional area) 
3 i s surface area of packing, s q . f t . / ( c u . f t . column volume) 
U0 i s super f ic ia l gas velocity (based on empty column), f t . / s e c . 
fr. i s densi ty of gas, l b . / c u . f t . 
^ k i s density of l iqu id , l b . / c u . f t . 




Packed col nans are widely employed in various processes of the 
chemical and petroleum industries for providing intimate contact between 
a liquid and a gas phase or between two liquid phases. The major use is 
in diffusional operations which include absorption, stripping, scrubbing} 
distillation, and extraction* Most of the packed columns in service at 
the present time are employed to contact liquid and gas phases. 
A packed column is essentially a vertical shell built upon an 
adequate foundation and filled with a loose porous bed of packing* A 
distributor is usually located at the top of the packing to properly dis-
tribute the liquid. Sometimes additional distributors are placed within 
the packed section for tall columns. The liquid flows down through the 
packing by gravity and is removed from the bottom of the column. The gas 
is admitted at the bottom of the packing and flows upward through the 
packing countercurrent to the liquid. Provision is made for the removal 
of the gas from the top of the column* The packing is supported by a 
packing support plate. Packed columns are rather simply constructed and 
have no moving parts. Packing may be made from a variety of materials to 
permit use under severe conditions such as in processes involving corro-
sive Liquids or gases. 
For a given through-put of liquid there is a maximum gas flow which 
will allow countercurrent contact without causing the liquid to fill the 
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column and be carried out of the top . Also, for each gas flew there i s 
a maximum l iquid flow above which the l iquid w i l l not flow uniformly down 
the column. 
The flooding point has been defined by White ( l ) as t h a t condition 
of operation such tha t the slope of a plot of the logarithm of the pres -
sure drop across the column versus the logarithm of the gas ve loc i ty , for 
a given liquid r a t e , changes abruptly from approximately two to a value 
approaching i n f i n i t y . He described the mechanism of flooding in columns 
packed with Raschig rings using a system consisting of water and a i r . As 
the a i r velocity was increased for a fixed l iquid flow r a t e , the l iquid 
seemed t o build up in the column, and for further increases i n a i r ve loci ty 
the amount of l iquid hold-up increased and bubbling increased i n violence 
u n t i l water was mechanically carr ied out of the top of the column by the 
a i r . 1'liis point was termed the visual flooding po in t . As the a i r velociiy 
i s increased the l iquid hold-up increases , the area avai lable for gas flew 
decreases, and the pressure drop across the column increases . 
During operation a t and above flow ra tes which cause flooding the 
efficiency of mass t ransfer i s reduced and the cost of pumping is great ly 
increased due to r e l a t i v e l y high pressure drop across the packed column. 
In general prac t ice the flooding condition i s avoided by operation at flow 
ra tes somewhat below those which cause flooding. 
White a lso defines a loading poin t , which precedes flooding, as the 
gas velocity a t which, for a given l iquid r a t e , the slope of a curve of 
the logarithm of the gas veloci ty versus the logarithm of the pressure 
drop across the column f i r s t deviates from approximately two. 
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In the design of packed columns a know ledge of flooding ve loc i t ies 
i s necessary t o determine the l imiting gas and l iquid r a t e s . The optimum 
operating condition should be determined by an economic balance. 
Although packed columns have been widely used for many years , ade-
quate methods for predict ing the l imit ing flew ra tes i n packed columns 
under a l l conditions are s t i l l not ava i l ab le . A considerable amount of 
work has been done on th i s subject i n recent years and several cor re la -
t ions of flooding ve loc i t i es have been developed. The corre la t ion of 
Sherwood, Shipley, and Holloway (2) i s perhaps the most general ly used. 
Baker, Chilton, and Vernon (3) studied the d i s t r ibu t ion of l iquid 
flowing i n packed towers of various s i ze s , and for a var ie ty of packing 
mater ia ls , with and without counter-current flew of gas . The system used 
was water and a i r . They concluded tha t there was a c r i t i c a l r a t i o of 
diameter of column to size of packing pa r t i c l e which controls the tend-
ency for the l iquid to concentrate near the column w a l l . At r a t ios great-
e r than eight to one the l i qu id .d i s t r ibu t ion remained uniform down the 
column while a t lower r a t io s there was a marked tendency for the l iquid 
to concentrate toward the column wa l l . However, for suf f ic ien t ly large 
packed columns in which i n i t i a l uniform d i s t r ibu t ion has been a t ta ined , 
the l iquid d i s t r ibu t ion w i l l remain uniform to a reasonable depth of 
packing. 
Sherwood, Shipley, and Hollow ay (2) investigated flooding ve loc i t i e s 
in a two inch diameter column packed to a height of approximately four fee t 
with one-half inch Raschig r ings . They studied the effects of varying l i q -
uid and gas dens i t i e s , l iquid v i s c o s i t i e s , and surface tension on flooding 
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v e l o c i t i e s . Flooding points were determined v i sua l ly . The data obtained 
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was correlated on a single curve by plot t ing logarithm —r~ f-rr-) s 
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versus logarithm ~- /-i— ] , where: 
F is f ract ion of free volume in packed column, c u . f t . / ( c u . f t . 
column volume) 
g i s accelerat ion of gravi ty, f t . / s e c . 
G i s superf ic ia l mass veloci ty of gas (based on empty column), 
l b . / ( s e c . ) (sq. f t . c ross-sec t ional area) 
L i s super f ic ia l mass veloci ty of l iquid (based on empty column), 
l b . / ( s e c . ) (sq. f t . cross-sect ional area) 
S is surface area of packing, sq. ft./(cu. ft. column volume) 
UQ i s super f ic ia l gas veloci ty (based on empty column), f t . / s e c . 
p_ i s density of gas, l b . / c u . f t . 
P-k i s densi ty of l iquid , l b . / c u . f t . 
M. i s v i scos i ty of l iqu id , centipoises 
Using flooding veloci ty data for larger diameter packed columns taken from 
the l i t e r a t u r e , Sherwood e t a l . found tha t the flooding points were higher 
than the data taken i n the two inch column. Their generalized corre la t ion 
curve i s based on data taken from the l i t e r a t u r e for dumped Raschig r ings . 
Data for other miseellaneous dumped packing material was i n good agreement 
with the generalized curve, while the flooding curve for stacked rings i s 
considerably above t h a t for dumped r i n g s . Liquid surface tension was found 
to have a negl igible effect on flooding veloci t ies over the range reported. 
Elgin and Weiss (U) studied the performance of a three inch diameter 
glass column successively f i l l e d with four different packing materials us-
ing a system of a i r and water. Reasonable agreement with the generalized 
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corre la t ion of -Sherwood e t a l . -was obtained. By p lo t t ing the square root 
of the superf ic ia l gas veloci ty versus the square root of the superf ic ia l 
15.quid velocity on rectangular coordinates, a s t r a igh t l i ne was obtained 
for any one packing. 
Empirical equations are presented by Sarchet (f?) for use in p red ic t -
ing flooding ve loc i t i es of rings and broken s o l i d s . Flooding veloci ty data 
were obtained using a column eight and f ive-eighths inches i n diameter pack-
ed successively with one inch and one-half inch clay Raschig r ings and 
special one inch carbon r ings , having r ibs on the outside and ins ide , pack-
ed to a height of two f e e t . 
Flooding ve loc i t i es were measured by Schoenborn and Dougherty (6) 
for f ive commercial packing materials using a system of a i r and water and 
two o i l s covering a range of kinematic v i scos i t i e s of from one to t h i r t y -
eight cent i s tokes . An eight and five-eighths inch diameter glass column 
packed to a height of two feet was employed i n the i r work. The visual 
flood point was not found to coincide with tha t determined by a plot of 
pressure drop versus gas r a t e as described by White ( l ) . The data thus 
P n 
obtained were correlated by p lo t t i ng both logarithm i i - ^ and logarithm 
A P J 1 1 1 , respect ively , versus —*£-, where: 
G i s a i r mass ve loc i ty , l b . / ( h r . ) ( s q . f t . ) 
L i s l iquid mass ve loc i ty , l b . / ( h r . ) ( s q . f t . ) 
AP T i s pressure drop at flooding, i n . of wa t e r / f t . of packing 
^ i s l iquid kinematic v i scos i ty , centistokes 
<J) i s a factor correcting for gas densi ty 
n and m are exponents varying from 0.12 to 0.33 depending on the 
type of packing. 
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Also, using an e ight and f ive-eights inch diameter column, Bain and 
Hougen (7) invest igated flooding ve loc i t i e s for five different packing 
materials using a system of three o i ls -with dif ferent v i scos i t i e s and three 
gases representing a wide range of d e n s i t i e s . An equation was developed 
based on the cor re la t ion of Sherwood et a l . which was found to f i t the ex-
perimental da ta with an average deviation of plus or minus s ix per cent . 
Lobo, Friend, Hashmall, and Zenz (8) experimentally determined the 
charac te r i s t i c s of some of the more commonly used packing materials . From 
these da ta , they concluded tha t the major discrepancies i n the flooding 
data reported in the l i t e r a t u r e were due to incorrect packing charac te r i s -
t i c s rather than t o fundamental differences in experimental techniques. 
All available flooding data was recalculated using the i r empirically av-
eraged values of the term 5/F^. By plot t ing these data i t was found tha t 
the corre la t ion of Sherwood e t a l t was improved from a maximum deviation 
of two hundred and f i f ty per cent to one of one hundred and twenty per cent . 
Zenz (9) and Elgin and Weiss (k) are in agreement that a plot of the 
logarithm of the pressure drop versus the logarithm of the gas ve loc i ty i s 
a smooth curve and has no breaks as described by White ( l ) . 
Lerner and Grove (10) presented a new theory of the mechanism of 
loading and flooding i n packed columns which character izes loading and 
flooding as being caused by wave formation in the l i qu id . 
Newton, Mason, Metcalfe, and Summers ( l l ) have obtained flooding 
data i n a four inch diameter column packed with one-half inch Berl saddles 
to a height of seven feet using a system of a i r and various concentrations 
of aqueous Sterox SK solu t ions . The effect of surface tension was studied 
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over a range of from thirty two to seventy two dynes per centimeter. These 
6t 
data were correlated well by introducing the cube of the r a t i o — - as a 
fac tor in to the abscissa of a Sherwood type p lo t , where <J~ i s the surface 
tension of the water, dynes/cm*, and <f~is the surface tension of so lu t ion , 
dynes/cm, 
Metcalfe (12) has studied the effects of physical propert ies of the 
l iquid and gas, column diameter, packed height , and s ize of packing on the 
flooding v e l o c i t i e s • One inch, three-fourths inch, one-half inch, and one-
fourth inch Eerl saddles, five-eighths inch glass spheres, and one-half 
inch Intalox saddles were used for packing. Packed heights were varied 
from one foot to s ixteen f e e t . Columns of three different diameters were 
used ranging from two inches to eight inches. Air and carbon dioxide were 
used for the gas and capella o i l , carbon t e t rach lo r ide , e thanol , kerosene, 
methyl e thyl ketone, toluene, and water were used as the l i q u i d . I t was 
observed tha t great care was necessary in the packing procedure for Berl 
saddles, Metcalfe found that a change i n packed height may a l t e r the 
flooding ve loc i ty by as much as seventy per cen t . Also, for any column 
there i s a minimum packed height above which no further effect of height 
i s no t iceable . 
McManus (13) studied the effects of packing s i z e , column diameter, 
and packed heights in columns packed with Raschig r i n g s . Flooding data 
were obtained for columns two, four, and eight inches in diameter packed 
with various heights of one-fourth, one-half, three-four ths , and one inch 
Raschig rings using a system of a i r and water . The flooding data showed 
l i t t l e deviation from the curve of Lobo e t a l . (8) on a Sherwood type 
cor re la t ion , 
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Dell and P r a t t (ll;) have derived a theore t ica l equation which 
represents a cor re la t ion of available flooding data for packed d i s t i l l a -
t ion and absorption columns. They s t a t e that the i r equation i s not 
applicable t o one-fourth inch or smaller size packing, 
L i t t l e or no -work has been performed u t i l i z ing laboratory size 
packing in small diameter columns. The purpose of t h i s inves t iga t ion was 
to obtain data for columns of one, one and one-half, and two inches in 
diameter packed with one-fourth inch Berl saddles, one-fourth inch single 
turn glass he l ices , and 0.16 inch by 0.16 inch Cannon protruded metal pack-
ing to a height of approximately three and. one-half f e e t . Data v/ere also 
obtained for one-eighth inch diameter eight turn glass hel ices in a column 
one and one-half inches i n diameter and for one-fourth inch diaiaeter Cata-
l i n spheres in columns of one, and one and one-half inches i n diameter 
packed to a height of approximately three and one-half f e e t . 
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CHAPTER I I 
EQUIPMENT AND IMERIAIS 
The columns used i n th is invest igat ion -were pyrex glass pipe , manu-
factured i n four foot lengths by the Corning Glass tforks. One, one and 
one-half9 and two inch i n t e rna l diameter columns were used. The glass 
columns were connected to the base by use of adapter f langes, A pressure 
tap was located jus t below the pipe flange as shown i n Figure 1 . This 
tap was connected to one leg of a water manometer3 the other leg being 
open to the atmosphere. The pressure drop across the packed column was 
measured by th i s manometer. The l iqu id ex i t from the base was through a 
v e r t i c a l U-tube which served to maintain a l iquid sea l on the bottom of 
the column. The gas i n l e t was i n s t a l l e d below the flange and concentric 
with the l iquid e x i t . The columns were positioned v e r t i c a l l y by means 
of a turnbuckle arrangement to the supporting supers t ructure . 
The l iquid was supplied from a f i f ty - f ive gallon drum f i t t e d with 
a constant overflow. Suction was taken from the drum by a Pacif ic Pump 
Company Model 10? centrifugal pump which discharged to e i ther of two 
Fischer & Porter rotameters . The rotameters had ranges of 0.01 to 0.7 
pounds per minute and O.ij to 5*2 pounds per minute, respec t ive ly . The 
l iquid was led from the rotameters to a d i s t r ibu te r head located a t the 
top of the column. Three different d i s t r i b u t e r heads were used. For the 
two inch column, a one-half inch pipe cap with six holes, t h r e e - t h i r t y 
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Figure 3., riiarrram of EnuLpment 
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used* For the one and one-half inch column, a one-fourth inch pipe cap 
with eight holes one-sixteenth inch in diameter was used. For the one 
inch column, a one-fourth inch pipe cap with four holes one-sixteenth 
inch in diameter was used. 
Air was supplied a t 90 to 120 psig by a compressor. The pressure 
was reduced to 2$ ps ig by a pressure reducing valve. The a i r then passed 
through a f i l t e r element which was charged with glass wool to remove any 
moisture or dust which may be present in the a i r . From the f i l t e r the 
a i r passed through another pressure reducing valve that was eas i ly ad-
justed to maintain a constant pressure upstream from the metering or i f ice 
at a l l gas flow r a t e s . The pressure drop across the cal ibrated or i f ice 
was measured by use of a water f i l l e d manometer. The pressure upstream 
of the or i f ice was measured by a mercury f i l l e d manometer. The flow of 
a i r to the column was regulated through a one-fourth inch needle valve , 
Throughout th i s invest igat ion the l iqu id used was water and the 
gas used was a i r . 
The packing mater ia l , with the exception of Berl saddles, was 
supported on an inverted conical wire screen which was fabricated from 
wire screen of one-eighth inch mesh. The Berl saddles were supported on 
a layer of one-half inch Berl saddles on a f l a t wire screen of one-half 
inch mesh. Physical proper t ies of the packing materials used are presented 
in Table 1 . One-fourth inch Berl saddles, one-fourth inch single turn 
glass he l i ces , 0.16 inch by 0.16 inch Gannon protruded metal packing, one-
eighth inch diameter eight turn glass he l ices , and one-fourth inch Catalin 
spheres 7Jere used as packing mate r i a l . 
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CHAPTER I H 
PROCEDURE 
The procedures used in packing the columns -were varied for different 
types of packings. In the case of Berl saddles, the column was filled with 
water and the packing pieces were dropped in one at a time. The procedure 
described by Cannon (15) was used in the case of the Cannon protruded 
metal packing. The packing was dropped into the column through a funnel 
located at least three feet above the bed of packing. Cannon did not 
state whether the column was filled with liquid or dry. Tests shewed that 
when this packing was dropped into a water filled column, the packing 
formed in large groups on the surface of the water and fell to the bed as 
a mass. It was decided to charge the packing to a dry column. The single 
turn glass helices, eight turn glass helices9 and the Catalin spheres were 
packed with the same procedure as that used for the protruded metal pack-
ing. In no case did flooding occur at the packing support. 
The fraction of free volume of the packed bed could be determined 
by two methods noted in the literature. One method consists of measuring 
the quantity of water drained off of a previously filled packed section 
and is referred to as "drained wet voids". The method of "dry voids" was 
chosen for this work. The porosity of the bed -was determined by com-
pletely drying the bed by flowing air through it for a number of hours. 
Water was then forced into the bottom of the column to a point just above 
the bottom layer of packing. Water was added from the top of the column 
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until the level was just below the top layer of packing, and -the quantity-
re corded as the fractional void space• The volume of the empty column 
was determined by the above procedure and the porosity of the bed was 
calculated. Tests showed that the values of F determined by "drained wet 
voids" were as much as six per cent lower than those determined by "dry 
voids" for the same bed, 
The average volumes of the various types of packing studied were 
determined by volumetric displacement in water of one hundred Berl saddles, 
five hundred eight turn glass helices, four hundred single turn glass 
helices, and one thousand protruded metal packing pieces. The average 
volume of one sphere was calculated from the average diameter. The number 
of packing pieces in any packed section was calculated from this volume 
and the porosity. The surface area reported by the manufacturer for one 
Berl saddle was used in this work. Average surface areas for one piece 
of the remaining types of packing were determined by actual physical 
measurements of several units of each type. The values of S were cal-
culated from these surface areas and the number of packing pieces per unit 
volume of column. 
To determine the flooding velocities, a liquid flow rate was fixed 
at an arbitrary value for each determination. The initial gas flew rate 
was chosen low enough so that it would be well below the flooding velocity. 
The gas flow rate was then increased in small increments until the flood-
ing velocity was reached. The time lapse between the increases of gas 
flev rate was governed by the time required to reach steady state • It 
was assumed that steady state conditions existed when the pressure drop 
1.1 
across the packed column remained constant for the set flow rates for 
approximately five minutes. The pressure drop across the packed column, 
the water temperature, the air temperature, the pressure drop across the 
gas measuring orifice, the upstream pressure, and the liquid flew rate 
were recorded at each steady state condition during a run. As will be 
pointed out later, the recording of the pressure drop across the packed 
column was discontinued after a number of tests and thereafter used only 
as a means of checking. In each case "where this pressure was recorded, 
data were obtained from which a plot of the logarithm of the pressure 
drop across the packed column versus the logarithm of the gas mass flow 
rate was made. The pressure drop versus gas rate curves were characteris-
tic of those reported by White (l). The flood points thus determined by 
the graphical method of White were very close to the visual flood points 
determined in this work. It was decided to obtain the flood points by 
the visual method for 'this investigation and the pressure drop across the 
packed column was used merely as an occasional check. 
All columns were packed to a height of approximately three and one-
half feet with the exception of one series of runs made on Berl saddles 
in a two inch column packed to a height of twenty inches. In no case 
were the distribution points located more than three inches above the 




DISCUSSION OF RESULTS 
Al l o r i g i n a l da t a obta ined i n t h i s i n v e s t i g a t i o n are p r e sen t ed i n 
Figure 2 on a Sherwood e t a l . type p l o t . For a l l packed columns s t u d i e d , 
the mass v e l o c i t y of the gas requ i red f o r f looding the column, a t a f ixed 
l i q u i d r a t e , dec reased w i th dec reas ing column d iameter f o r each type of 
packing m a t e r i a l as was expec ted . The g e n e r a l i s e d curve of Sherwood e t a l . 
w i l l subsequent ly be r e f e r r e d t o as the r e fe rence c u r v e . 
Columns Packed wi th B e r l Saddles .—The d a t a for columns packed to a he igh t 
of approximately 3 .5 f ee t w i th one- four th inch B e r l sadd les a r e shown in 
Figure 3# The curve f o r a two inch d iameter column has a maximum d e v i a t i o n 
from the r e f e r e n c e curve of twenty f ive per c e n t , fo r a one and one-hal f 
inch column t h e d e v i a t i o n i s f i f t y t h r e e per c e n t , and f o r a one inch column 
t h e d e v i a t i o n i s t h i r t y e i g h t per c e n t . The r e l a t i v e magnitude and d i r e c -
t i o n of d e v i a t i o n from the r e f e r e n c e curve i s t h a t expected as shown by 
Metcalfe (12) where he found t h a t f o r a given s i z e of pack ing , t h e f lood-
ing r a t e s a r e h igher i n l a r g e d iameter than i n smal l diameter columns. 
Another f a c t o r which may a f f e c t f looding r a t e s i s the r a t i o of column 
diameter t o packing s i z e . I t has been shown by some i n v e s t i g a t o r s ( 3 , 12 , 
and 13) t h a t when t h i s r a t i o i s g r e a t e r than e i g h t t o one t h e r e i s no 
n o t i c e a b l e e f f e c t on f lood ing v e l o c i t i e s . However, when t h i s r a t i o i s 
l e s s than e i g h t t o one t h e r e i s a tendency for f looding v e l o c i t i e s t o 
16 
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Figure 2 . Summary of Data. Sherwood Correlation 
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become higher. This may explain why the curve for the one and one-half 
inch column i s s l i g h t l y above tha t for the two inch column, although 
judging from the effect of column diameter alone, the curve for the one 
and one-half inch column should l i e below tha t for the two inch column, 
A curve representing data for a two inch diameter column packed 
to a height of twenty inches i s also shown in Figure 3 . This curve l i e s 
a maximum of twenty seven per cent higher than the curve for the two inch 
column with approximately 3*S f ee t packed height , indica t ing an effect of 
packed height on flooding v e l o c i t i e s , "Metcalfe (12) has shown that var ia -
t ion in packed height may affect flooding ve loc i t ies by as much as seventy 
per cen t , 
Columns Packed with Gannon Protruded Metal Packing.—Figure k i l l u s t r a t e s 
the effect of column diameter on flooding ve loc i t i e s in small diameter 
columns packed to a height of approximately 3.5> feet with 0.16 inch by 
0.16 inch Cannon protruded metal packing. The curve representing data 
for a two inch diameter column has a maximum deviation from the reference 
curve of twenty two per cent, and a one and one-half inch column has a 
maximum deviation of twenty five per cen t . The curve for a one inch 
diameter column has a deviation from the reference curve of t h i r t y s ix 
per cen t . Again, the r e l a t i ve magnitude and di rect ion of deviation from 
the reference curve i s tha t expected. There i s a negl ig ible effect of 
column diameter to packing s ize r a t i o since the packing i s so small and 
the effect of column diameter cont ro ls , 
Columns Packed with Single Turn Helices,—The flooding veloci ty curves for 





















' ,. ,. l ._ i 
CAH1I0N PROTRUDED LETAL 
PACKING 
0~1*» C o l . , h3n H t . 
a - l j " Col . , 12* Ht. 
A-2" Col . , U2" Ht. 
— —. Curve of Sherwood 
e t a l . 
— 
• ^ ^ 
— ^ .» 
^ 
§ \ N N k 
X 










.01 .02 .03 .06 , i .2 .3 *h ,6 .3 1.0 2.0 U.O 6.0 10.0 
5te 
Figure km Effect of Colurm diameter 
on Flooding Velocit ies 
20 
considerably above the reference curve (see Figure 5 ) . The curve for a 
two inch diameter colimin with a packed height of approximately 3.5 fee t 
has a maximum deviation from the reference curve of ninety one per cent* 
Two curves are shown for a one and one-half inch diameter column* 
The agreement between the two curves does not indicate good reproducabi l i ty . 
This invest igator believes t h a t since the glass hel ices -were f rag i l e and 
consequently considerable breakage occurred during the operations of pack-
ing and unpacking, the curves represent data for what amounts to different 
types of packing. There was a var ia t ion of seventeen per cent between the 
calculated f rac t ional voids of the two columns indicating di f ferent pack-
ing cha rac t e r i s t i c s . I t was necessary t o re-use the same packing through-
out th i s work. I t is recommended that a more durable packing material be 
used i n future invest igat ions of flooding ve loc i t i es involving single tu rn 
h e l i c e s . One of the two curves has a maximum deviation of three hundred 
per cent while the other curve has a maximum deviation of one hundred 
t h i r t y five per cent above the reference curve. 
The curve for the data of a one inch diameter column has a uniform 
deviation of approximately one hundred f i f t y per cent above the reference 
curve. 
I t was noticed during the experimental work on helices tha t there 
was considerable channeling of the l iquid near the column wall which would 
be expected to cause the flooding ve loc i t i e s to be higher than i n beds 
where channeling does not e x i s t . The effect of channeling, as shown by 
a number of inves t iga to rs , i s to make a column more d i f f i cu l t to flood. 
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2? 
to diameter as a parameter may be explained by the fact tha t the charac-
t e r i s t i c s of the packing material changed considerably between runs. 
Columns Packed with Gatalin Spheres.—Additional flooding data were ob-
tained for one-fourth inch Catalin spheres in columns one, and one and 
one-half inches in diameter packed to a height of approximately 3.5 f e e t . 
The resul t ing flooding veloci ty curves are shown in Figure 6. The curve 
for a one and one-half inch diameter column has a maximum deviation from 
the reference curve of one hundred twenty seven per cen t . The curve for 
a one inch column i s approximately for ty per cent below tha t for a one 
and one-half inch column. With increasing l iquid r a t e s , there i s a rapid 
decrease of the gas veloci ty required for flooding th i s type of packing 
in small diameter columns. 
Columns Packed with Eight Turn Helices.—One ser ies of runs made i n a one 
and one-half inch diameter column, packed to a height of approximately 3»5 
feet with one-eighth inch diameter e ight turn g lass hel ices was v io len t ly 
flooded during the f i r s t run at a low l iquid flow r a t e . This caused sub-
sequent floodings to occur a t the top of the packed section a t r e l a t i v e l y 
low gas flow r a t e s . 
Metcalfe (12) has found that af ter a column has been flooded violent -
ly the packing w i l l be rearranged a t some point in the column and subse-
quent floodings w i l l occur a t t h i s point a t reduced gas r a t e s for a given 
l iquid r a t e . This inves t iga tor believes t h a t the flooding veloci ty charac-
t e r i s t i c s of one-eighth inch eight turn glass hel ices are much the same as 
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ser ies of runs are presented in Figure 2* I t i s recommended t h a t more 
data be obtained for t h i s type packing material i n future inves t iga t ions . 
This type of packing material was invest igated as a matter of i n t e r e s t 
only and i t was due to a lack of time tha t more data was not obtained for 




From the r e s u l t s obtained i n t h i s i n v e s t i g a t i o n t he fol lowing 
conclus ions may be drawn: 
1. The flooding ve loc i ty data for small diameter columns packed 
with one-fourth inch Berl saddles follow the generalized corre la t ion 
curve of Sherwood, Shipley, and Holloway (2) within approximately f i f t y 
per cent . I t is generally considered tha t th is agreement is suf f ic ient ly 
good for most engineering design ca lcu la t ions . 
2 . The flooding veloci ty data for small diameter columns packed 
with 0.16 inch by 0# l6 inch Cannon protruded metal packing follow the 
generalized corre la t ion curve of Sherwood, Shipley, and Holloway (2) 
within t h i r t y five per cen t . This i s considered to be reasonably good 
agreement for appl icat ion to most engineering design ca lcu la t ions . 
3 . The flooding veloci ty data for small diameter columns packed 
with one-fourth inch s ingle turn glass hel ices are not in agreement with 
the generalized corre la t ion curve of Sherwood, Shipley, and Holloway (2) 
and may deviate by as much as three hundred per cent , 
km The flooding velocity data for small diameter columns packed 
with one-fourth inch Catalin spheres are not in agreement with the gen-
eral ized corre la t ion curve of Sherwood, Shipley, and Holloway (2) and 
may deviate by as much as one hundred t h i r t y per cen t . 
26 
5>. Column diameter has an effect on flooding velocities for a 
given packing size and a given packed height such that flooding velocities 
decrease with decreasing column diameter. 
2 ? 
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Table 1 . P h y s i c a l Dimensions of One Packing Piece 
Packing Size 






1/b i n c h 
0.16 inch x 
0.16 inch 
1/8 inch x. 
3/8 inch 
C a t a l i n Sphere I/J4 inch 














Table 2 . Flooding V e l o c i t i e s 
Condi t ion Air Gas Yfater Liquid //> \0 5 / \ 0.2 
of Temp., Flow Hate Temp., Flow Rate L CG\ ° VfSrcG] ^ " 
Packing °F . F t . 3 / m i n . °F . # /min . 3 [ £ j j g F 3 ! ^ ] 
iA" 
Saddles 78 3.79 80 0.173 0.02135 0.251 
2" Column 78 3.22 an 0.335 0.01+87 0.1818 
1*2" Height 78 2.56 80 0.685 0.1252 0.11U8 
F = 0.635 75 1.73 80 1.395 0.377 0.0525 
S = 216.5 78 0.715 80 3.55 2.215 O.OO896 
iA" 
Saddles 82 2.18 82 0.173 0.0372 0.21*3 
l i » Column 82 1.85 02 0.28 O.0709 0.17U5 
Itl" Height 82 1.59 82 0.387 0.111* 0.1291 
F = 0.61;6 80 1.1*5 52 0.496 0.16 0.1071 
3 = 209.5 79 1.33 32 0.6 0.211 0.0902 
1? 0.87 32 0.97 0.522 0.0336 
iA" 
Saddles 79 1.02 80 0.02U 0.01098 0.2U25 
1" Column v::- 0.811 80 0.067 0.0385 0.1535 
Ii3" Height 19 0.582 80 0.173 0.1385 0.079 
F = 0.660 19 0.1.1.6 no 0.28 0.281* 0.0U95 
S - 201.0 79 0.338 5o 0.387 0.53)4. 0.0266 
79 0.263 80 O.I196 0.88 0.01611 
(Continued) 
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Table 2 . Flooding V e l o c i t i e s (Continued) 
Condi t ion Air 
of 




2" Column 80 
U2" Height 80 
P s 0.910 85 





l j " Column 73 
ii2» Height 73 
F = 0.927 78 
3 - 663.0 73 
Prot ruded 
Metal 78 
1" Column 78 
U3" Height 76 
F s 0.9l;6 7<*i 
3 = h96.$ 70 
Temp., Flow Rate Temp., Flo?/ Hate L /CcA * VgS Q g 
0.2 
Ft.^/min, °F. #/min# G (Y£ '3 V d, 
^ 
3.23 02 0.173 0.0251 
2.82 n5 0.395 0.0656 
2.065 85 0.98 0.222 
1.325 8U 2.02 0.71U 
1.16 8U 2.52 1.018 
0.93 8U 3.03 1.525 
0.73 3U 36k 2.2? 
l*k 78 0.28 0.0932 
1.086 80 0.U9 0.2105 
0.907 80 0.685 0.352 
0.721 80 0.97 0.628 
0.U6? CO 1.2*95 U<9 
0 .8 30 0.067 0.0391 
0.535 80 0.173 0.151 
0J3$ 80 0*28 0 .301 
0.368 80 0.387 0.1+91 



































# /min . 
L/£G\0'5 fim/-2 
l/kH S ing l e 
Turn 88 3.175 86 0.98 0.11$ 0.1U95 
Glass 
Hel ices 85 2.86 85 Ui95 0.2U2 0.121 
2" Column 85 2.39 85 2.02 0.392 0.08UU 
l>2" Height 85 1.565 85 3.03 0.90 0.0362 
F = 0.818 G5 1.16 85 h.06 1.622 0.0199 
5 = 3SU.0 
1/U" S ing le 
Turn 80 3*81 78 0*2*9 0.0602 0.532 
Glass 
Hel ices 85 2.98 63 0.97 0.152 0.326 
If" Column 85 . 2.U7 83 Ui95 0.283 0.221*5 
U2" Height 85 2.0p 83 2.02 O.U52 0.160 
F - 0.8U2 35 1.695 83 2.52 0.69U 0.1055 
S = 331.0 
1/il" S ing le 
Turn 80 1.5 82 0.067 0.0209 0.537 
Glass 
Hel ices 80 1.17 82 0.173 0.0691 0.327 
1" Column 80 1.065 82 0.28 0.123 0.272 
ll3» Height 80 0.87 82 O.U96 0.267 0.180 
F « 0.315 80 0.5^5 82 0.97 0.83U 0.0709 
S - 392.0 
(Continued) 
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° F . 
Gas 
Flow Rate 
F t . 3 / m i n . 
Water 
Temp., 





Spheres 82 1.37 85 0.173 0.059 0.303 
it*1 Column 82 0.957 85 0.337 0.139 0.1U75 
U3» Height 32 0.772 85 O.U96 0.30 0.0962 
F = 0.U06 82 0.6U 3U 0.685 0.50 0.066 
3 = 165.3 80 0.1:06 81* 0.97 1.115 0.02665 
80 0.252 8U 1.29 2.39 0.01028 
19 0.103 8U 1.695 7.68 0.001715 
lA" 
Spheres 73 0.78)4 BO O.O67 0.0393 0.26 
1" Column 19 0.517 80 0.173 0.15U 0.1132 
U2" Height 19 0.21*1 81 0.337 0.739 0.02I6 
F 3 O.U33 80 0.155 82 0.U96 l.un 0.0101U 
S = 1)0.6 81 0.075 82 0 . ? 1 h.36 0.002375 
iA" 
Saddles 19 3.80 67 0.335 0.0)413 0.26 
2" Column 81 2.87 76 0.65 0.106 0.1U61 
20" Height 8] 2.13 75 1.30 0.286 0.08075 
F - 0.635 78 0.^83 65 Li.lO U.26 0.00^36 
S = 216.5 
(Continued) 
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F t . 3 / m i n . 
Water 




# /min . 
L / C G \ 0 * 5 
G U L J 
l!s/CG\ °*2 
S ^ W 
iA" 
Single 
Turn 89 2,915 87 0.23 o.oUh8 0.352 
Glass 
Hel ices G6 2.63 8U 0.U96 0.088 0.2865 
If" Column 87 2.30 85 0.97 0.1977 0.2195 
U2" Height 89 2.06 86 U&$ 0.339 0.1757 
F = 0.828 83 1.51 87 2.02 0.625 0.09U3 
s = 363.0 83 1.2h9 87 2.52 0.9h3 O.06U6 
83 0.9k 87 3.03 1.508 0.0366 
83 0.73 u7 3.5U 2.12 0.0252 
1/3" E igh t 
Turn 86 3 .30 86 1.H95 0.2115 0.317 
Glass 
Hel ices 86 2.375 86 2.02 0.397 0.161+2 
i j " Column 86 1.U9 86 2,52 0.789 0.06U5 
hi" Height 06 1.01 86 3.03 1.U02 0.02965 
F a 0.365 86 0.705 86 3.5U 2.35 o.oiua 
S a 291.0 86 0.35 e-6 U.06 5.U2 0.00357 
